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Because of the difﬁculty of obtaining Indian-origin rhesus macaques, Chinese-origin rhesus macaques
(CR) and Vietnamese-origin cynomolgus macaques (CM) are now used frequently in HIV/AIDS research.
Nonetheless, the effects of TRIM5α polymorphism on viral replication in both CR and CM are unclear. To
address these questions, we recruited 70 unrelated CR and 40 unrelated CM and studied the effect of
TRIM5α polymorphism on HIV-2ROD and SIVmac239 replication in PBMCs. We found that 3 poly-
morphisms, located in the B30.2 domain of CR TRIM5α formed a haplotype and affected HIV-2ROD
replication. In addition, we found that the variant Y178H, located in the Coiled-coil domain of CM
TRIM5α, affected TRIM5α-mediated HIV-2ROD restriction. Finally, two polymorphisms, located in the
Coiled-coil domain, altered anti-SIVmac239 activity in CR. We concluded that, CM TRIM5α poly-
morphism could alter HIV-2ROD infection; however, a different domain of CR TRIM5α was responsible
for restricting different virus replication.
& 2015 Elsevier Inc. All rights reserved.1. Introduction
It is well known that HIV has a very narrow host range: it can
infect humans, but not most non-human primates (Morrow et al.,
1989). A partial explanation of this phenomenon came in 2004,
when Rhesus macaque TRIM5α was found to restrict HIV-1
replication in rhesus macaque cells (Stremlau et al., 2004). Since
then, many non-human primates were found to express TRIM5α;
moreover, their TRIM5α is able to potently suppress HIV-1 infec-
tion (Keckesova et al., 2004; Song et al., 2005b). Because of the
potency of TRIM5α in suppressing HIV-1 infection, we lack an
ideal HIV-1 infected animal model. Nonetheless, several animal
models were developed to study HIV-1 infection and evaluate
anti-HIV-1 drugs and vaccines. Three species of non-human pri-
mates are widely used as HIV/AIDS models because of theiracaques; CR, Chinese rhesus
TRIM, tripartite motif.
eng),numerous advantages compared to other non-primate animal
model. They are rhesus macaque (Macaca mulatta), cynomolgus
macaque (Macaca fascicularis), and pig-tailed macaque (Macaca
nemestrina) (Hatziioannou and Evans, 2012).
TRIM5α is a member of the tripartite motif (TRIM) family. It
contains an N-terminal RING domain, one B-box2 domain, a
Coiled-coil domain, and a C-terminal B30.2 domain (Takeuchi and
Matano, 2008). The B30.2 domain is responsible for recognition
and binding to virus (Perez-Caballero et al., 2005). Initial research
indicated that TRIM5α assembled into a trimer, mediated by the
Coiled-coil domain, but subsequent research found that it is a
dimer (Langelier et al., 2008; Mische et al., 2005). Two recent
studies suggested that the Coiled-coil domain enabled TRIM5α to
form an antiparallel dimer and stablized the interaction of TRIM5α
with virus (Goldstone et al., 2014; Sanchez et al., 2014). Thus, the
B30.2 and Coiled-coil domains are required for TRIM5α-mediated
anti-viral activity. In addition, these two domains, especially the
B30.2 domain, was subject to strong positive selection in primate
evolution, such that many gene polymorphisms exist among dif-
ferent species and TRIM5α provides species-speciﬁc anti-viral
restriction (Liu et al., 2005; Nakayama et al., 2005; Sawyer et al.,
2005; Song et al., 2005a, 2005b; Stremlau et al., 2005). Similar to
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impacts TRIM5α function. For example, TFP339-341ΔΔQ poly-
morphism signiﬁcantly alters the antiviral activity of rhesus
macaque TRIM5α (de Groot et al., 2011; Kirmaier et al., 2010; Lim
et al., 2010; McCarthy et al., 2013; Reynolds et al., 2011; Wilson
et al., 2008).
Rhesus macaques are the most commonly used non-human
primate model for HIV/AIDS research. Indian-origin rhesus maca-
ques were initially used to establish a HIV/AIDS non-human pri-
mate model; hence, Indian-origin rhesus macaques are very
commonly used in HIV/AIDS research (Hatziioannou and Evans,
2012). However, Chinese-origin rhesus macaques are now fre-
quently used in HIV/AIDS research. Some research indicates that
pathogenesis, immunoresponse and disease progression differs in
rhesus macaques of different origins (Zhou et al., 2013). Previous
studies in Indian-origin rhesus macaques suggest that TRIM5α
polymorphism affects SIV or HIV-2 replication. However, the
effects of TRIM5α polymorphism on SIV or HIV-2 infection among
Chinese-origin rhesus macaques remain unknown. Meanwhile,
cynomolgus macaques are the third most-commonly used non-
human primate in HIV/AIDS research. However, only one prior
study examined TRIM5α polymorphism in cynomolgus macaques,
but it did not investigate the relationship of TRIM5α polymorph-
ismwith SIV or HIV-2 infection. We previously did not identify a 6-
bp insertion in the TRIM5α gene in cynomolgus macaque of
Vietnamese origin that results in the gain of two amino acids
(Thr339 and Phe340) in the B30.2 domain. A high frequency
(97.5%) of TRIM5Q was detected in natural cynomolgus macaque
populations (Yan et al., 2011). Additionally, our results revealed the
presence of 22 distinct haplotypes using the PHASE 2.0 software
package, including 2 novel species-speciﬁc alleles with a lowTable 1
TRIM5α polymorphism and their frequencies in Chinese Rhesus macaque.
TRIM5α domin EXON4 EXON8
Coiled-coil SPRY
AA changea
Genotype S184L W196R T221M E222K M230V E236D A333S TFP339-
341△△Q
1 S W T/M E M E A TFP
2 S W T E M E/D A TFP
3 S W T E M E A TFP
4 S/L W T E M D/E A TFP
5 S/L W T E M E A TFP
6 S W M E M E A TFP
7 S/L W T/M E M E A TFP
8 S W T/M E M E/D A TFP
9 S W T E M D S △△Q
10 S W T/M E M D/E S △△Q
11 S/L W/R T E/K M/V D S △△Q
12 L R T K V D S △△Q
13 S W T E M E S △△Q
14 S W T E M E/D S △△Q
15 S W T E M E A/S TFP/△△Q
16 S W T E M E/D A/S TFP/△△Q
17 S/L W/R T E/K M/V D A/S TFP/△△Q
18 S W T E M D A/S TFP/△△Q
19 S W T/M E M E/D A/S TFP/△△Q
20 S/L W T E M D/E A/S TFP/△△Q
21 S/L W/R T/M E/K M/V E/D A/S TFP/△△Q
22 S/L W/R T K M/V E/D A/S TFP/△△Q
23 S/L W/R T E/K M/V E/D A/S TFP/△△Q
24 S/L W T E M E A/S TFP/△△Q
a Predicted amino acid (AA) substitutions for nonsynonymous coding SNPs. The am
followed by the amino acid encoded by the minor allele. Deletions are indicated by △△
b Frequency of TRIM5α genotype in 68 evaluated Chinese rhesus monkeys.
c Represented the number of selected monkeys and their PBMC was infected with HIV
them with HIV-2/SIV infection.frequency in cynomolgus macques (Zhang et al., 2013). Therefore,
we hope to characterize the effects of genetic polymorphism
among Chinese rhesus macaques and cynomolgus macaques of
Vietnamese origin on HIV-2 and SIV infection.2. Results
2.1. Genotyping of TRIM5α
To genotype TRIM5α, we recruited 70 unrelated Chinese rhesus
macaques and 40 unrelated cynomolgus macaques of Vietnamese
origin. Both exon4 and exon8 coding regions were sequenced after
PCR ampliﬁcation because previous studies indicated that most
polymorphisms with an impact on HIV infection were located in
the Coiled-coil and B30.2 domains (Kirmaier et al., 2010; Lim et al.,
2010; Liu et al., 2005). We identiﬁed 10 nonsynonymous gene
polymorphisms among 70 Chinese rhesus macaques (Table 1);
while 16 nonsynonymous gene polymorphisms were found in 40
cynomolgus macaques of Vietnamese origin (Table 2). No TRIMCyp
fusion protein was found among all macaques (data not shown),
which was consistent with previous studies in Chinese rhesus
macaques (de Groot et al., 2011; Dietrich et al., 2010; Newman
et al., 2008). All polymorphisms of rhesus macaque TRIM5 and
most polymorphisms of cynomolgus macaque TRIM5 located in
the Coiled-coil and B30.2 domains, except for D247E, which loca-
ted in the L2 region of cynomolgus macaque TRIM5α.
Previous studies found that amino acids located in the posi-
tions 339–341 of TRIM5α affected viral replication in rhesus
macaques and cynomolgus macaques (de Groot et al., 2011; Kir-
maier et al., 2010; Lim et al., 2010; McCarthy et al., 2013; ReynoldsGenotype frequencyb n/68
(%)
Number of infection with HIV-2/
SIVc
S422L
S 9/68(13.24) 3
S 4/68(5.88) 1
S 5/68(7.35) 3
S 4/68(5.88) 3
S 7/68(10.29) 3
S 2/68(2.94) 1
S 2/68(2.94) 1
S 2/68(2.94) 2
L 3/68(4.41) 2
L 2/68(2.94) 1
L 2/68(2.94) 1
L 1/68(1.47) 1
L 1/68(1.47) 0
L 1/68(1.47) 1
S/L 3/68(4.41) 3
S/L 5/68(7.35) 5
S/L 2/68(2.94) 2
S/L 3/68(4.41) 1
S/L 3/68(4.41) 2
S/L 3/68(4.41) 1
S/L 1/68(1.47) 1
S/L 1/68(1.47) 1
S/L 1/68(1.47) 0
S/L 1/68(1.47) 1
ino acid encoded by the predominant allele precedes the residue number, which is
.
-2/SIV. The number “0” in this column meant the monkey was sold out and none of
Table 2
TRIM5α polymorphism in cynomolgus macaque of Vietnamese Origin.
TRIM5α
domin
EXON4 EXON8 Genotype frequencyb n/
40(%)
Number of infection with
HIV-2/SIVc
Coiled-coil L2 SPRY
AA changea
Genotype Y178H N182K S184L W196R E209K K222E M230V D247E A313V P327T Q332R S333T P334Q TFP339-
341△△Q
N347I S385P S422L
1 H K/N L R E K V D A P Q S P △△Q N S L 1/40(2.5) 1
2 H N L R K K V E V/A P R/Q S/T Q/P △△Q I/N P/S S/L 1/40(2.5) 1
3 Y N L R E K V D A P Q S P △△Q N S L 16/40(40) 3
4 Y N L R E K V D V/A P R/Q S/T Q/P △△Q I/N P/S S/L 6/40(15) 3
5 Y N L R E K V D V/A P/T R/Q S/T Q/P △△Q I/N P/S S/L 1/40(2.5) 1
6 Y N L R E K V D A P/T Q S P △△Q N S L 1/40(2.5) 1
7 Y N L R E K V D V P R T Q △△Q I P S 1/40(2.5) 1
8 Y N L/S R/W E K/E V/M D A P Q S P △△Q N S L 1/40(2.5) 1
9 Y/H N L R E/K K V D/E A P Q S P △△Q N S L 4/40(10) 3
10 Y/H N L R E/K K V D/E V/A P R/Q S/T Q/P △△Q I/N P/S S/L 3/40(7.5) 3
11 Y/H K/N L R E K V D A P Q S P △△Q N S L 2/40(5) 2
12 Y/H N L R E K V D A P/T Q S P △△Q N S L 1/40(2.5) 1
13 Y/H K/N S/L R/W E K/E V/M D A P Q S P △△Q N S L 1/40(2.5) 0
14 Y/H N L R E K V D A P Q S P △△Q N S L 1/40(2.5) 1
a Predicted amino acid (AA) substitutions for nonsynonymous coding SNPs. The amino acid encoded by the predominant allele precedes the residue number,which is followed by the amino acid encoded by the minor allele.
Deletions are indicated by △△.
b Frequency of TRIM5α genotype in 40 cynomolgus macaque of Vietnamese Origin.
c Represented the number of selected monkeys and their PBMC was infected with HIV-2/SIV. The number “0” in this column meant the monkey was sold out and none of them with HIV-2/SIV infection.
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H.-L. Zhang et al. / Virology 487 (2016) 222–229 225et al., 2011). But we found TRIM5TFP only in Chinese rhesus
macaques and not in cynomolgus macaque (Tables 1 and 2).
However, Vietnamese origin cynomolgus macaques only pre-
sented the homozygous genotype, TRIM5Q, at positions 339–341,
which is consistent with de Groot et al.’s study that found that
TRIM5Q was frequently observed among cynomolgus macaques
(de Groot et al., 2011). Broadly, we found similar patterns of
diversity among cynomolgus macaque compared to the previous
study; our result conﬁrmed that TRIM5Q was more frequent than
TRIM5TFP and the ancestral TRIM5Q must have had a strong
selective advantage over TRIM5TFP in the cynomolgus macaques.
2.2. H178Y was associated with low HIV-2ROD viral loads among
cynomolgus macaque PBMCs
A limited previous study tried to investigate the relationship of
TRIM5α polymorphisms with viral infection in a cynomolgus
macaque population(de Groot et al., 2011). However, this study did
not examine relationship of variant sites with HIV-2ROD or SIV-
mac239 replication. We found that at the variant site Y178H,
located in the TRIM5α Coiled-coil domain, PBMCs from cyno-
molgus macaques with homozygous H had higher viral load than
homozygous Y PBMCs at 5 and 7 days post-infection (Po0.05,
Fig. 1). Overall, we found that only the Y178H polymorphism is
signiﬁcantly associated with the amount/rate of HIV-2ROD repli-
cation, despite the fact that cynomolgus macaques were overall
more polymorphic than Chinese rhesus macaques. Moreover, we
did not ﬁnd that any CM TRIM5α variant inﬂuenced SIVmac239
replication in this study. Our results show that Y178 is signiﬁcantly
correlated with low HIV-2 viral loads, suggesting that amino acid
changes determine the efﬁciency of TRIM5α-mediated restriction
for HIV-2ROD replication in PBMCs from cynomolgus macaque of
Vietnamese origin.
2.3. The effects of TRIM5α polymorphisms on HIV-2 and SIV infection
of rhesus macaque PBMCs
Several studies have demonstrated that TRIM5 polymorphisms
affected anti-viral activity (de Groot et al., 2011; Dietrich et al.,
2011; Kirmaier et al., 2010; Lim et al., 2010; McCarthy et al., 2013;Fig. 1. Effects of a couple of TRIM5α polymorphisms on susceptibility of PBMCs from V
variant site Y178H, located in CM TRIM5α, PBMCs with homozygous H had higher HIV-2 v
22 CM, and then infected activated PBMCs with SIVmac239 and HIV-2ROD. Viral antigens
infection. The comparisons of the values from different groups of PBMC were analyze
homozygous, and quadrangle represented heterozygous.Reynolds et al., 2011; Wilson et al., 2008). However, these poly-
morphisms have not been studied in the background of Chinese
rhesus macaques. In order to study the effect of TRIM5α poly-
morphisms on SIVmac239 and HIV-2ROD replication among Chi-
nese rhesus macaques, according to the results from genotyping,
we selected 40 Chinese rhesus macaques representing distinct
genotypes. We selected as many individuals with each genotype as
possible, with at least three animals in each case. We then infected
activated PBMCs with SIVmac239 and HIV-2ROD. We detected a
haplotype, consisting of three polymorphisms located in the B30.2
domain that affects HIV-2ROD replication (Fig. 2A). PBMCs carry-
ing the homozygous A at 333, TFP at 339–341, and S at 422 site
were signiﬁcantly more resistant than homozygotes for the S at
333, ΔΔQ at 339–341, and L at 422 site and the corresponding
heterozygotes at 3, 5, and 7 days post-infection (Fig. 2A). In con-
trast to HIV-2ROD infection, homozygotes A at 333, TFP at
339–341, and S at 422 site were more susceptible to SIVmac239
infection although the difference was not signiﬁcant (Fig. 2A).
These results indicated that the polymorphisms of the B30.2
domain affected anti-HIV-2 activity of rhesus macaque TRIM5α
but do not signiﬁcantly impact anti-SIV activity, consistent with
previous work (Wilson et al., 2008). In addition, we found that two
polymorphisms, located in the Coiled-coil domain, were asso-
ciated with anti-SIVmac239 activity of TRIM5α among Chinese
rhesus macaques. Chinese rhesus macaque PBMCs homozygous for
the E allele at site 222 had signiﬁcantly lower viral loads than
homozygous K at 5 and 7 days post-infection (Fig. 2B), which
indicated that the E allele may protect Chinese rhesus macaques
from SIVmac239 infection. However, this variant did not affect
HIV-2ROD infection. On the other hand, heterozygous E/D allele at
site 236 was associated with low SIVmac239 loads compared with
homozygous E or D alleles even though no signiﬁcant difference
exists between heterozygous E/D and homozygous D (Fig. 2C).
Heterozygous E/D alleles at site 236 seem to provide a hetero-
zygous advantage, although this result requires further conﬁrma-
tion. Similar to E222K, E236D did not signiﬁcantly affect HIV-2ROD
replication among Chinese rhesus macaques even though PBMCs
homozygous for the E allele had lower viral loads than those
homozygous for the D allele. These results suggested that theietnamese-origin cynomolgus (CM) macaques to HIV-2ROD and SIVmac239. At a
iral load than homozygous Y PBMCs. We selected 62 macaques, including 40 CR and
p27 and P25 were determined using SIV p27 Antigen ELISA at 3, 5, and 7 days post-
d using the Mann–Whitney test. Rhombus and triangle represented two kind of
Fig. 2. Effects of a couple of TRIM5α polymorphisms on susceptibility of PBMCs from Chinese rhesus macaques (CR) to HIV-2ROD and SIVmac239. (A) A haplotype was
identiﬁed, consisting of three polymorphisms located in the B30.2 domain of CR TRIM5α that affects HIV-2ROD replication. (B) At a variant site E222K, located in the Coiled-
coil domain, was associated with anti-SIVmac239 activity of CR TRIM5α. (C) A heterozygous E/D allele at site 236, located in CR TRIM5α, was associated with low SIVmac239
viral loads compared with homozygous E or D alleles. We selected 62 macaques, including 40 CR and 22 CM, and then infected activated PBMCs with SIVmac239 and HIV-
2ROD. Viral antigens p27 and P25 were determined using SIV p27 Antigen ELISA at 3, 5, and 7 days post-infection. The comparisons of the values from different groups of
PBMC were analyzed using the Mann–Whitney test. Rhombus and triangle represented two kind of homozygous, and quadrangle represented heterozygous.
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infection but did not signiﬁcantly change HIV-2 replication.3. Discussion
Rhesus macaque and cynomolgus macaque are widely used as
an animal model for HIV/AIDS. Instead of widely used Indian
rhesus macaques, both Chinese rhesus macaques and cynomolgus
macaques are widely reared in China. We sequenced and com-
pared the genomes of Chinese rhesus macaque and cynomolgus
macaques with that of Indian rhesus macaque. All three macaque
species show abundant genetic heterogeneity, such as TRIM5α,
and the cynomolgus macaque genome has been shaped by intro-
gression after hybridization with the Chinese rhesus macaque (Yan
et al., 2011). Moreover, we did not detect Trim5-cyclophilin A
fusion protein (TRIM-CypA) among a total of 102 cynomolgus
macaques and 68 rhesus macaques (Yan et al., 2011; Zhang et al.,
2013) as well as in this study, suggesting that TRIM-CypA is rare in
these populations, which was coincident with the result from Saito
et al. (2012).
Animal cells harbor multiple innate effector mechanisms that
inhibit virus replication. For the pathogenic retrovirus HIV-1, these
include widely expressed restriction factors (Malim and Bieniasz,
2012), such as APOBEC3 proteins (Sheehy et al., 2002), tetherin/
BST2 (Neil et al., 2008), SAMHD1 (Hrecka et al., 2011; Laguette
et al., 2011), and MX2 (Goujon et al., 2013) besides TRIM5α
(Stremlau et al., 2004). Also, a number of genes have previously
been implicated in the control of SIV replication. These include
selected MHC class I alleles and loci, including Mamu-A*01, -B*08,
and -B*17. Importantly, our group studied other restriction factors,
like APOBEC3 and SAMHD1. We found some signiﬁcant association
of APOBEC3 and SAMHD1 polymorphism with HIV-2/SIVmac virus
load using the same macaque population (unpublished). In addi-
tion, our group have been investigating on MHC polymorphism
and showed a low frequency of Mafa-B*08, -B*17 (Wang et al.,
2011) and Mamu-B08, -B17 (unpublished) in the same two maca-
que population. However, to better understand the effect of
TRIM5a on HIV-2/SIVmac replication, monkeys were selected for
this study that did not have the MHC class I alleles Mamu-A*01,
-B*08, or -B*17.
The present study shows that naturally occurring TRIM5a B30.2
(SPRY) polymorphisms affect immunodeﬁciency virus infections. The
B30.2 domain is responsible for viral recognition and evolves under
positive selection in primate evolution (Liu et al., 2005; Ohkura et al.,
2006; Song et al., 2005a, 2005b). In the study, we also found that
many polymorphisms in the B30.2 domain, but we found no poly-
morphisms correlated with SIVmac239 restriction even though some
polymorphisms of Chinese rhesus macaque TRIM5α do signiﬁcantly
affect HIV-2ROD restriction, which is consistent with previous studies
(Kirmaier et al., 2010; McCarthy et al., 2013; Reynolds et al., 2011;
Wilson et al., 2008). Three polymorphisms existed in the B30.2
domain of Chinese rhesus macaque TRIM5α: A333S, TFP339-341ΔΔQ,
and S442L. These polymorphisms form a haplotype, and are inherited
together, which is consistent with previous studies (Lim et al., 2010;
Newman et al., 2006). Therefore, we cannot determine which parti-
cular variant(s) affects TRIM5α-mediated HIV-2 restriction. By com-
paring the sequence of TRIM5α between rhesus macaque and cyno-
molgus macaque, Kono et al. found that TFP339-341ΔΔQ determined
TRIM5α-mediated HIV-2 restriction (Kono et al., 2008). In addition,
Wilson et al. indicated that all TRIM5 alleles containing TFP could
restrict HIV-2 infection while TRIM5 alleles containing TRIM5Q per-
mitted HIV-2 replication no matter what other polymorphisms exists
in the B30.2 domain (Wilson et al., 2008). McCarthy et al. further
corroborated Wilson et al.’s result (McCarthy et al., 2013). Taking this
evidence together suggests that TFP339-341ΔΔQ is the variantdriving differences in HIV-2ROD replication among Chinese rhesus
macaques. However, in Fig. 2A–C, some of the data points are spread
out over several log scales, suggesting that the TRIM5α polymorphisms
are not the main determinant of the observed data and the combi-
natory effect of the aforementioned host factors is considered to be the
major determinant of the outcome.
Previous work indicated that different HIV-2 strains exhibited
different susceptibilities to CM TRIM5α (Song et al., 2007). In that
study, the authors found that the amino acid at the 120th position
of the HIV-2 capsid determined the susceptibility to CM TRIM5α,
and that TRIM5α-sensitive viruses had proline at the 120th posi-
tion of the capsid protein (CA), whereas TRIM5α-resistant viruses
had either alanine or glutamine (Song et al., 2007). The HIV-2ROD
and SIVmac239 strains used in this work have P and Q at the
120th position, respectively. Because all cynomolgus macaques in
our study are homozygous TRIM5Q, we could not assess the
impact of TRIM5TFP on HIV-2ROD or SIVmac239 infection in
cynomolgus macaques. However, we found that CR TRIM5α con-
taining TFP could suppress HIV-2ROD replication but not SIV-
mac239, suggesting that HIV-2ROD is susceptible to CR TRIM5α
while SIVmac239 is resistant to CR TRIM5α which may be caused
by the P120Q mutation in capsid protein, which may determine
TRIM5α-mediated virus recognition. These results indicated that
the 120th position of HIV-2ROD capsid or the corresponding
position of SIVmac239 and the 339–341st positions of TRIM5α
may be responsible for the interaction of HIV-2 or SIVmac239 with
TRIM5α. Therefore, further studies are needed to examine this
hypothesis and disentangle the effects of viral and host
polymorphism.
Previous study found that the Coiled-coil domain also affected
TRIM5α-mediated restriction (Maillard et al., 2010). We found that
three polymorphisms located in the Coiled-coil domain, two in
Chinese rhesus macaques and one in cynomolgus macaques,
affected the anti-viral activity of TRIM5α. The polymorphisms
located in the Coiled-coil domain of Chinese rhesus macaques
affected anti-SIVmac239 activity, while the variant of cynomolgus
macaques affected anti-HIV-2ROD activity. Earlier work suggested
that the B30.2 domain is responsible for viral recognition, while
the Coiled-coil domain mediates dimerization of TRIM5α (Lange-
lier et al., 2008; Perez-Caballero et al., 2005; Stremlau et al., 2006).
Recently, structural studies indicated that the Coiled-coil domain
causes TRIM5α to form antiparallel dimers and that the B30.2
domain localized to the center of the Coiled-coil dimer (Goldstone
et al., 2014; Sanchez et al., 2014). Thus, we suggest two possible
mechanisms by which the polymorphisms located in the Coiled-
coil domain affected anti-viral activity. First, the amino acid
change may affect the homo-dimerization so as to inﬂuence the
assembly of TRIM5α multimer. Second, a comformational change
caused by the polymorphisms may affect the localization of the
B30.2 domain in the multimerized TRIM5α so that B30.2 is not
able to recognize and bind virus, even though TRIM5α can
assemble into a multimer. However, there is another possible
mechanism. Dietrich et al. also found the Y178H among cyno-
molgus macaques, and showed that this variant affected TRIMCyp
protein expression or stability (Dietrich et al., 2011). We did not
ﬁnd TRIMCyp fusion protein in all studied cynomolgus macaques.
But we could not exclude the possibility that Y178H mutation may
change TRIM5α expression or stability in cynomolgus macaque
PBMCs. However, we did not ﬁnd Y178H mutation in the rhesus
macaque population in this study as well as our previous studies
(Yan et al., 2011; Zhang et al., 2013), indicating that Y178H
mutation may be lacked in Chinese rhesus. Therefore, further
research is needed to study the mechanism by which the poly-
morphisms affect TRIM5alpha activity, especially Y178H.
In conclusion, we found that genetic variation affected
TRIM5α-mediated HIV-2ROD or SIVmac239 restriction, although
H.-L. Zhang et al. / Virology 487 (2016) 222–229228relatively few of the polymorphisms we detected signiﬁcantly
impacted viral load. Moreover, we showed that different domains
of Chinese rhesus macaque TRIM5α were response for different
anti-viral ability. These results suggested that TRIM5α genotyping
is needed before carrying out AIDS/HIV animal model research.4. Materials and methods
4.1. Animals and DNA collection
Seventy unrelated Chinese rhesus macaques and 40 unrelated
cynomolgus macaques originally from Vietnam but bred for sev-
eral generations in Guangdong province of southern China, were
recruited for this study. All monkeys were clinically normal with
no known diseases. Genomic DNA was isolated from the periph-
eral blood samples using a NewProbe DNA Blood Mini Kit
(NewProbe, Beijing, China) according to the manufacturer’s
instructions.
4.2. Animal ethics
This research adhered to the legal requirements of the country
in which the research was conducted and adhered to the American
Journal of Primatologists principles for the ethical treatment of
primates.
4.3. Genotyping of TRIM5α
Two pairs of primers were used to amplify exon4 and exon8 of
TRIM5. These primer pairs were: TRIM5-exon4-F (50-CAACA-
TACCCATTCAAGG-30), TRIM5-exon4-R (50-GAAAGAGCACAGCAA-
CAC-30), TRIM5-exon8-F (50- TATCCCCTAACTGACCTG-30), and
TRIM5-exon8-R (50- GACAGCAAGGAAAAGA-30). Direct sequencing
of the PCR product was carried out by Applied Biosystems 3730xl
DNA Analyzer (Applied Biosystems). All statistical analyses were
performed using SPSS statistical software version 16.0 for Win-
dows (SPSS Inc.).
4.4. Viruses infection in vitro
Based on the genotyping results from the previous and present
study, 40 Chinese rhesus macaques and 22 cynomolgus macaques
were selected to study the association of TRIM5 alleles with SIV-
mac239 and HIV-2 infection. Activated PBMCs were seeded on 24-
well plates in aliquots of 2106 cells/well and infected with
SIVmac239 and HIV-2ROD for 12 h at MOI of 0.10. New culture
medium was added the next day. Culture supernatant was col-
lected in duplicate at 3, 5, and 7 days post-infection and new
medium containing ConA and IL-2 was added. Finally, viral anti-
gens p27 and P25 were determined using SIV p27 Antigen ELISA
(ZeptoMetrix). The two-sided nonparametric Mann–Whitney test
was used to determine statistical signiﬁcance.Author contributions
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